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1
●

G r a v i t y  a n d  scisnlic  rcflcctioll  dala,  toge~her w i t h  gcol~gi~  lllaPIJiW~

i~ldicatc  that the Mount  ~’oondina  feature in South Austral ia  is  al] eroded 4-km-

diametcr  impact structure consist ing of  a  ring. structural dc.prcssion

surrounding a pronounced central uplift. Beds  in the central  uplif t  have been

ra i se .d  as  much  as  200  m f rom dc.pth ancl dcforlncd  by convc.rgcmt  flow. Scis[liic

rcftcction  d a t a  i n d i c a t e  that t h i s  dcfornlation  c.xtcnds  to dc,pths of  oIIly --800 III;

a t  glcatcr dep ths  the  rc.flc.ctors arc.  nc.arly flat lying indicatitlg  little. or 1 1 0

dcforlllalion  below this  depth.  Gt-avity data, aftc.r r e m o v a l  o f  rcgiona]  effcc.ts

by polynomial approximation, indicate that  the s tructure is  charactcrix.c.d by a

residual gravity anomaly of + 1.() n]Cial coi]lcidc]l[ with the ccnt Ial upl if t  and a

-0.S regal annular low assoc ia ted  wi th  tlIc ring structural clc. ])rcssion. ~iravity

nlodc]ing  i n d i c a t e s  t h a t  rcla[ivcly  higll-dc]isi(y  m a t e r i a l  h:ts  b e e n  stIuc.turally

uplifmd;  t h e  r i n g  d e p r e s s i o n  sur!ouncling  the cmltral uplift  is filled  w i t h  l o w

dmsity  strata which a r c  thickc. r by as lIIuch a s  90 III rc.lativc  10 thci] thickness

ou[sidc  the  s t ruc tu re .  q’hc dcforlllatiotl  at M t . “1’oondina  is typical of a cc)llapsc.d

i]ll])act  crater of mode.rate. si~.c  aIld the 4-kn] diamc[cr  i s  c o n s i s t e n t  w i t h  lhc

cxpcctcd  thmhold  si~.c f o r  c o l l a p s e  of clatcls foI1nc.d  i n  wc.ak 10 modclatc

strcn:th scdinicntary rocks.
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lN’I’RO1)UC1’ION

The  M t .  Toondina  impact  s(ruclurc  [,$hocntakcr  and S h o e m a k e r ,  1990] i s

located in northern South Australia, - 4 5  km south of  the town of (lodnadatta

and is ccmtcrcd  at 27° 57’ S, 135° 22’ }i (Iii.gurc  1). ‘J’hc s trut . turc (I;igurc 2) is

charactcriTcd  by a ccn[ral  uplift  of ill[cnsc,  ]y f o l d e d  a n d  faultc(i  r o c k s

surrounctcd  b y  a  r i n g  structul-al dc.IJrc. ssiotl. ‘1’hc cn~irc M t .  “1’oondina inlpact

slructurc  has a diameter  of  about  four kilo] l)ctcIs and an age. of less than 1 1 0

M a .  “J’hc,  origitlal c r a t e r  h a s  bcc]l e r o d e d  a w a y  and the lilillor  topograpl)ic

pro]no:llory  of “Mt.  ‘1’oonctina” i s  forillccl  b y  a scric.s o f  travcllil)c  slJrillg

d e p o s i t s  of Plcistoccnc  or pos s ib ly  ]a[c “1’cl-[iary  agc capl)illg t h e  upliflc.d  and

coniortcd  r o c k s  o f  tllc cc.~ltral  u p l i f t .  ‘1’hc r i n g structural (tc.l]lc.ssioll

surloundillg  the  ccnlral  u p l i f t  i s  conccalc{i b e l l e . a ( l l  a thin vcncc.r o f

Quatcrllary surficial  depos i t s .

i n  a n  attcmpl  t o  bc.ttc.r ctcfillc t h e  dia[nc.tcr  and s[lucturc. o f  t h e  impact

fc.aturc, dc[ailc.d  g e o l o g i c  Illappillg and a gr:ivity sLIIvcy  w e r e  calricd out.

IIcrc,  w~c p r e s e n t  t h e  rcsu]ts  of the gIavily  s u r v e y aJJd t h e  ilnpli calions  o f  tllc

glavity  a n d  sc. ismic rcflc. ction data f o r  IIIC oligin  of (lIC M t .  “1’oondina

s t ruc tu re .

ThC  Mt . “1’oondilla  s t r u c t u r e  w a s  origi]lally  rccoglliz.cd as a struclulal

anomaly  from exposures o f  f o l d e d  arid faul[cd l’crllliart, J u r a s s i c ,  al]cl

Crc[accous  rocks surrounded by a broad cxpallsc.  of nc.arly f lat- lying bc.ds of

t h e .  IJulldog Sha le  o f  FArly Crct:iccous  a~c. ~’hc feature occurs in the

Arckaringa S u b - b a s i n  o f  t h e  Crcat Artc.siall  llasitl  of cast-ccnlral A u s t r a l i a .

I“hc Mt. ‘1’oondina s~ructurc.  was firsl [nal)l)cd  by Frcytag  [1  964 ,  1965]  who

d i s c o v e r e d  a n d  dcscribcd  the lower I’crl]]ial]  h4t. “1’oondina  IIcds a]]d plcparcd  a

sketch map of the.  cxpmcd  rocks of the cclltr-al  uplif[. IIc a l so  Iccogllizcd

exposure.s of the Algc. buckina Sat Ids(onc. o f  J u r a s s i c  ( ? )  agc and fil]c salldsionc

and s h a l e .  now assignc. d to the  Cadnii-mvic. l(orlnaliotl  of Early Crctaccous  age.
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t h a t  ate, l o c a l l y  e x p o s e d  on the f lanks of  the cclltral  uplifl.  “1’hc Algebuckina

S a n d s t o n e .  i s  a  rcgimlal  aquifc. ]-; ]lunlerous  spri])gs issue fro)]] the. exposed

sandstone, a n d  travcrlinc  spring  dcI}osits cap and concc.al n~ally  parts  o f  t h e

uplift  (F’igurc  2 ) .

~’”TCyrd8 [1964, 1 9 6 5 ]  intcrprctcd  the s t ruc tu re  and the displacmnc.111  o f

beds in the ccn~ral  uplift largely in terms of a network of faul[s. Unpub l i shed ,

dctailc.d geologic mapping by 1{. M. Shoe. nlakc.r and II. J. Rc)ddy in 1988 and 1989,

however ,  has  shown tha t  the .  ccntra]  u~)]if[ is  f lanked by steeply p]u]lging

folds. ‘1’hc  Mt. Toondina  Beds, in the. cc.rl~cr  of the strut.turc, consist of a

Scqucnec o f  s[ccp]y-dipping  s o f t  claystonc, siltstonc, salldstotlc,  and lllinor

coal.  t h a t  a r c  contorlc.d into a

o f  (}1c M[, ‘1’oondina B e d s ,  i n

ill inverted strati  graphic o]dcl

sc.rics of tight folds and nappcs.  “1’hc  type. scctioll

f a c t ,  i s  ovcr[ur-rui  ar)d w a s  cr~oncous]y  dcsc~ibcd

b y  J_reytog.

Oti the basis of geologic and f:c.ol)hysical  data, lircytag  coIlcludc.d  lha(

t h e .  Mt. ‘1’oolldina siructurc, w a s  a  l)icrce.nlcll[ S(IUCIUI-C  fol-lnc.d b y  a  II]O]C 01

lC.SS cylindrical plug ahou[ 1 .5  ktn wi(ic of  Middle or  l,a[c. ‘1’c.rliary  agc w h i c h

pcllctralcd  Mcsoz.oic  u n i t s . A l t h o u g h  alluciillg  to an oligill as a salt dolnc,  IIIC

o r ig in  o f  t he  pie.rcclnent was Ilot sl)ccificd. Youfcs [ 1976], ill a brief  n o t e . ,

suggcs[cd  lhC M t . ‘1’oondina slrrrclurc  w a s  of iInpacl otigill.  Ilc ljascd h i s

intcrprctalion  chiefly upon si]nilaritics  bciwc.cll  tllc M t . ‘J’oonciilia  stlucturc

and t h e .  ~Tosscs Bluff  inlpact  slructul-c ill IIIc. Nollticrll  ‘1’crri(ory [Mi/tott  cl al. ,

1972; Barlow,  1979]. Wopfncr [ 1977] ilnn)cdiatcjy  challenged [his intcrprc.tation

and  a rgued  fo r  an  origin  of the structure as a salt diapir,  a conclusioll  a l so

rcccntly  fidvorcd by Jones  [ 1 9 8 8 ] .

I:,xtcnsivc s e i s m i c  cxplotalioll  of Ihc. Arckaringti  b a s i n  h a s  SIIOWII  t h a t

sa l t  i s  prcscl]( in  the  l a t e  Plccanlbrian  (Adclaidcan)  s[ratigrapllie  s e c t i o n  a n t i

tha t  Ilumcrous  salt dial)irs  occur  in the  subsur face .  IIowcvcr,  the. diapirs  a rc

all prc-Permian in age. Moreover, a seismic profile directly acloss  the Mt.

‘l$oon{iina  s t r u c t u r e  (SC.C. b e l o w )  s h o w s  ullcquivocal]y  that a sait diapir  is 1101

~)lesc.nt  at dc. pth al M t .  ‘1’oon(iirla. ‘1’hc strong  dcforl]lation  at M t .  ‘1’oondilla  d i e s

out wi th  dc.p(h: s t r a t a  alc n e a r l y  flat l y ing  a t  dcp(hs glcaicr than -800 m, t h e .

b a s e  o f  t h e  Pcrwiian Stuart  R a n g e  l:ormation. ‘1’hc subsurface structure. is

consist  c.llt w i t h  t h a t  cxpcctc.d  f o r  a n  inlpaet  struc~urc but ]Iot w i t h  a  salt diapir.
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GRAVI’l”Y SUI{V1{Y

IJata  Acquisition

An initial gravity survey of the Mt. Toomlinrr s tructure was conctuctcd in

1963. “I”hosc d a t a  w e r e  c.ollmcd,  rc.duccd,  a n d  intcrprctcd  by J. }Iall a n d  t h e

rc.suits reported in Frcytag  [1964, 1 9 6 5 ] .  Thai  su rvey  collcctcd  n]c.asurcnletlts

along three northeast-oriented l ines (N64°11) and three northwest-oricl] tcd

l i n e s  (N26°W)  ccn[cred  a t  MI. l’oondina; n~casurcmcnls  w e r e  nl adc al all

interval of 500 feet (152.4 m). ‘lllosc data indicated a positive residual anotnaly

o f  =1,5 nlGal ccntcrcd  o v e r  M t .  ‘1’oondina. ‘1’hc anomaly was attributed by

Frcytcrg and  a l so  by  ./ones [1988] to a IJositivc clcnsity  colllrast  bctwcc]] l’crlniall

sc.dimcnts  exposed within the,  central  uplif t  and surrounding low-d  mls”ity

Crctaccous  sllalcs.

“1’o deve lop  a  n]orc de ta i l ed  undcrstatlding  of the gravity  field over  t h e

M t .  l’oondina  f e a t u r e  a n d  dctcrlnillc  its dian]ctcr  ancl s t r u c t u r e ,  addi[iollal

glavity  data were collcctcd  by us. Data w e r e  collcctcd  at  itltc]vals  o f  IO(I III

along  a  lwo orthogon:il Iincs a c r o s s  ~hc structulc (oricn[cd  N 5 ° W  a n d  NS5°1i)

and extending for a dis~allcc of -4 km flolll t h e  ccntc.r,  and along a  l i n e .

rulllling (N28*E) obliquely across [hc feature.. ‘1’hc N85°}{ and N2.8°}i  l i n e . s

c o i n c i d e .  w i t h  scislnic.  rcflc.clion l i nes  run  by  Ikhi  Pc.trolc.u]ll  l’ty. I,td. (SCC

bctow),  Ill addi t ion to data  acquilcd  alo])g  the  l ines ,  numerous  g rav i ty

mcasurcmcnts w e r e  cotlcctcd  o n  altd a r o u n d  lhc c e n t r a l  uplift.  ]:igurc  ?a

illustrates the location of the gravity stations used in this a~]alyscs and

inc. ]udcs  the ncw data as WCII as SO]I)C  of the 1963 data. I’hc 1963 data were.

provided to us by the South Australia l)cpartinc.nt M i n e s  atld I:licrgy ill t h e

form of s tat ion locat ions and Bougucr  gravi(y  value.s (re.duccd using a  densi ty

of 1.9 g cn~-3). The [WO da ta sc.ts  were nlcrgcd  for this ana lys i s  u s ing  Icdundant

si te ,  mcasurcmcnts.  All dala were rc.duccd  using a densi ty of  1.9 g cn]-3 as that

dens i ty  i s  rcprcscntativc  of the butk densi ty of  the IJulldog  Shale,  the upper

most  major strati  graphic unit in the region (SCC below, l:igurc  6).

~]ravity d a t a  w e r e  collcctcd  using a  WoIdcn  gravi(y  mc[cr.  A l l  g r a v i t y

va lues  were  t i ed  to  a  base  sta(ion at [tic ccntriil  ul)lifl. Base  slalioll
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nie. asurc.rncnts  were made every 2 to 3 hours to calibrate the mete.r drift. L)ata

wc.rc rcduccd  us ing  the U S G S Ilouguc.r  Gravity Reduction Progranl;  no terrain

cor rec t ions  were  made bccausc  of the lack of  s ignif icant  topography.  No

independent absolute gravity bases arc available. in the region, so a theoretical

value for the appropriate latitude wa’s assunled.  Stalion  locations (x, y, z

coord ina tes )  were  dctcrn~ined using a I,citz SE-l’ 4 I;lcctronic  Dis tance

Measuring unit. l.oca(ion  and e l eva t ion  collttol  was tied to the cairn  at  Mt.

‘1’oondina which had a reported clc.vation  of 382 n) [F’rcytag,  1965]. No  add i t iona l

bench  marks  occur within the survey area to provide. elevation control.

l)ata Analysis

Gravily  in the a r e a o f  South Auslralia  alound  h4t. ‘1’oondina i s  Inarkcd b y

nunicrous  p o s i t i v e  and ncga[ivc anolna]ics  and sigllifican[  g r a v i t y  gra(iicnts.

‘1’llcsc  variations arc attributed to the. dcllsity colltras(  bctwcc.r) t h e .  low-d  cllsity

Mcsoz.oic a n d  l’crmian scdinlcllts  and [IIC higl]-density crystal l ine base.mcnl

r o c k s  a n d  scdin~cllts  o f  ~ail~t~ri;irl-l)cvolliall  a~,c [Mifton,  1969;  Milton atd

Morony, 1 9 7 6 ] .  q’hc most p]onounccd  of the dcnsi(y  contras[s  i s  bctw’ccn t h e

high-density Dcvoniall dolonlitcs  and the younger sediments .  Scisnlic

r e f l e c t i o n  d a t a  ill IIIC rcgio)l illdicatc sigllifica]lt v:t~iations iIl tllc (hick:lcss  o f

the  scdimcmtary  sect ion and the presc.ncc.  of numc.rous  f auns ;  t he  th i ckness  o f

t h e  scdin]cn[ary r o c k s  ovcl-iyiltg  prc-}’c.l~nian strata varies by lhorc tjlatl a

k i lomete r  wi th in  the  sc.gioll.

F’igurc  3 a  i l l u s t r a t e s  t h e  l~ougue.r  gtavily  withi]l  2. .5 kill of Mt.  Toondil]a.

IIala  cxlend  ovc.r a 5 kll~ x 5 kin s q u a r e  cc.ntcrcd 011 t he  cen t ra l  uplif(. T h e s e

d a t a  w e r e  gri(idcd will] ii 50 x  50 grid a[ld COri(oumd  with all i~llcrva]  o f  0.5

mGal.  A t  M t .  ‘t’oondina  itsc.tf,  llougucr  F,ravily  is  apl)loxinlatcty  - 1 7 . 5  n~Gal. l’hc

r e g i o n a l  gravi~y dccrcascs  to the .  nor[hwcst  with ~ypica]  g r a d i e n t s  of -1.5 n](ial

km ‘l. Despite [tic relatively large gradicn(s, lhc presence of a rc.sidual  pos i t i ve

anomaly having  an ampli[ucic.  of 1 mGal a s soc ia te .  d  wiltl  Ihc cclltral uplift  is

suggested by a dcflcclion  ill the contours . ‘1’hc I\ougucr  glavity  f i e l d  i s  a l s o

displayc.d i n  a n  oblic)uc 3-1) vic.w ill f i g u r e  3b. “J’lIc  ]Iorlhwcst  r e g i o n a l  gradic])t

and the local high at Mt. “1’oondina  arc clearly discernible in this

r e p r e s e n t a t i o n .
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Bccausc  of the rc.gional  g rav i ty  g rad ien t , dc(ails  of Ihc g r a v i t y  ficlcl

associated specifically with the Mt. ‘1’crcjllditla  stlucturc arc difficull  t o  r e s o l v e .

In  o rde r  to  i so la t e  lhcsc  aspcc[s,  the rcg,ional Irc.nd of the gravity data was

rcrnowd by  sub t rac t ing  a  polyno]l)ial surfrrcc fro]n tbc d a t a  a n d  c o n t o u r i n g

the residuals. A third-order polynomial was cboscn  a s  t h e  trcst approxinlation

of the regional data such that the nlcan rc.sidual  anol[ia]y i s  approx ima te ly  z.cro

across the grid; the third-order polynolnial  accounts for --97% of the total

variation within the data. R e s i d u a l  g r a v i t y  vaiucs  were then griddcd  and

contoured. A 50 x 50 grid with 100 xn node. spacing cxtcndirig 2.S ~11 frolll  the

central  uplif t  was used to prc)ducc  Ihc contoul-  map (I;igurc  4a) .  Also i l lustrated

is an oblique 31> view of this residual field. Figures 4C and d illustrate the.

polynomial surface that w a s  sub[ractcd  fl”oln t h e  Ciata to ploducc, t h e .  rc.sidua]

field. The 3rd order polynomial is assumed to rcprcscrit  the regional gravity

fic.ld. S e i s m i c  rcflcctio~l data ill tbc rc.gioll indicate a thickening of tbc

Pcnnian ancj yourlgcr  scdimcllts  1 0  [I]c. Ilor(hwc.  st [Wc)pfncr,  1964] thUS

r e s u l t i n g  i n  a  dcclcasc i~t tllc g rav i ty  to  tlIc IIo IL IIwcst.

I t  can bc seen in the rc.sidua]  g rav i ty  (I:igurcs  4 a, b) that a well-defined

positive. anomaly chalactcriy.  cs tllc cclllral  u p l i f t  a n d  i s sur-~oun(icd  by a series

of closed contour lows. ‘1’hc l o w s  corllplctcly  suriour)d  the .  cc.nlral ul)lif(, b u t

arc of irregular depth. ]n part,  SOI[]C of ~tlc i r r e g u l a r i t y  i n  ttlc  anlljlitudc  o f  tbc

lows may bc an art ifact  duc to the,  ut)cvc,I] distrit)ut  ion of statiol]s; howcvcI,

variat ion is  observed cvc.n where statiou  control is good. ‘J’hc va r i a t ions

probably reflect r e a l  ciiffcrcllccs  ill ttlc [Ilick)lcss o f  [Ilc low-d  cl]sity n e a r

sur face  Gctacc.ous  strata.

‘1’hc dominalit  r e s i d u a l  gtavity  f e a t u r e  i s  t h e  p o s i t i v e  allonla]y Ccntcrcd

over the central uplift. 7’his h i g h  rcacllcs  a maxi[num ampli(udc  o f  1 .0  nlGal

a b o v e  t h e  gc.ncral rc.gional  lCVCI, a n d -1.5 nlGal above the lowest areas of the

annular low. It is -1. ?5 km in diamc.icr  a[ the O nlCial  con tour . ‘1’hc ccntr[i]  h i g h

i s  symimctric; the.  margins of  the anomaly arc nl:irkc.d  by a steep gradic.lit (-2.4

ln~~al kli~-i)  wbcrc:is  i n  t h e  ccr)tcr o f  tllc afloni:i]y  ttlc. gladicmls a r c  IIiuch

l o w e r  (-1 regal knl-i). ‘1’hc diffcrc~iccs  in gladiclit  ac ross  the  ariornaly  i n d i c a t e

th:it t he  source  i s  sh[illow and s l e e p - s i d e d .  ‘1’hc surroirllding  low has  a

nlinimtim  g r a v i t y  v:iltic  of - - 0 . 5  tllGal in the. soutbcast  and typ ica l ly  rCilCiiCS

lCVCIS  of  -0.3 nlCial. ‘1’otal rel ief  across the gl:ivity atlomaly a s soc ia t ed  wi(ti  (hcf
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structure is -1.5 n~Gal with the central uplift high extending significantly

above the surrounding mean lCVCI. C)utsidc  the low, the residual gravily  va lues

re tu rn  to  approxilllatc.ly  O nl(; al.

Most  s imple, bowl-shaped craters, a r c  characlc.  rizcd by a ne.. gativc

gravity anomaly [Jnncs. 1961; l’ilking[otl  and Grieve, 1992]. Such ncga(ive

anon~alic,s  can result  fromi several  proccsscs. lixarrlplcs  of gravity lows duc to

infilling b y  l o w - d e n s i t y  scdinlcnts  il]cludc  Wol f  ~rcck ~ratcr i n  A u s t r a l i a

[Fudali,  1978] and l’cnoumw  in Mauritania [Fudali  and Cussidy, 1972]. I{xatnplcs

of gravity lows resulting from the. ilnpact  brc.ccia forullcd  in the crater bottom

include Meteor Crater in Arizona [Regan  and }Iinze, 197S] and Deep Bay in

Canada  [/nrtcs et al. ,  1 9 6 4 ] .  Shat~c.ring and fracturing of the original rocks and

t h e ,  fornlaiion  of inlpact  brc.c.cia at the bottom of the c.rater results in a rc.gion

of relatively low density which produces a nc.gativc residual glavity  anomaly

cclltcrcd  over  the  c ra te r .

‘]’hc s h a p e  o f  t h e  gravi[y  anor]]aly  al MI. “1’oollcJina is  collsistc.nt  wilh t h a t

of a conlplcx  impact  cralcr,  i.e.., ollc w])ich has a ccntra]  up l i f t .  ~on]plcx  c r a t e r s

d i s p l a y  a  m o r e  c o m p l i c a t e d  gravily  si:!la[ulc  due. the prcscncc. of a cclltral

up l i f t .  ~’ypically Ihc central uplift is cornposcd  of  relat ive. ly high dcllsity

m a t e . r i a l  b r o u g h t  u p  flonl  dcptt] (l)ar[icula  Ily ill cr:ilcls  }lavil]g  diarnctcrs

glcatcr than 30 k m ) . ‘1’his h i g h  dcllsity  m a t e r i a l ,  ill contrast  10 tt}c

surloundillg  l o w e r  dcnsily  Inalcrial, mulls  ill a  posi t ive gravily  a n o m a l y .  A n

cxamp]c  of similar size t o  Mt. q’oondina  i s  ttlc ~onllol]y  l~asi]l siruc[urc  i n

Wcstcn]  Aus t ra l i a  (.’ihocnmker et al. , 1989; Shoemaker  and S h o e m a k e r ,  1989).

(Tonnol]y B a s i n  i s  a  9-kn~-dian~ctcr inlpact structure characterized by a 2. m[ial

g rav i ty  h igh  a s soc ia t ed  wi th  the  cc.ntral  ulllift  due. to relat ively high-dcnsi{y

locks brought  up. Although vast ly larger ,  the.  Manicouagan  impact  ill Q u e b e c

( 6 5  kln diamc[c.r) shows  a  pattcrll s imi la r  [o that cxllibitcd  at Mt. ‘1’oondiila

[Sweeney ,  1978] .  Manicouagan  has a central gravity high duc to relative high-

dcnsity  rocks surrounded by an annular low; total gravity relic.f is about 8

mGal.  IIowcvcr,  [his pattcm  of a central  gravity high is  not  always the case;  at

tllc Stcillhcin]  bas in  the  ccl~{ral  upl i f t  is  cllaractcriz,cd  b y  a  n e g a t i v e  g r a v i t y

anomaly [Pi/king ton and Grieve, 1992] .
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Unraveling the structure at Mt. ‘i’oondina  has been grcally  f ac i l i t a t ed  by

t w o  s e i s m i c  rcftcction  lines which  c ross  [tic feature.  orlc  of IIIC ]incs (85 YQ7.)

trcncts  nearly cast-west (Figure 5) and passes directly across the central uplift:

the second line (85 XQF, not shown) trends northeast and passe.s oblic]uc]y

across the slruclurc. R e c o r d  scctiotls  for [l-LCSC.  lines wc.rc k ind ly  p rov ided  by

the South Austral ian Ikpartmc. nt Mines and }Incrgy.

l’hc c a s t - w e s t  Iinc rccorct sc.ction (I:igurc  5 )  s h o w s  a se r i e s  o f  prolllitlc.111

reflectors at  depths  of 0.2, 0.6, 0.8-0.9, and >1 sm. q’hcsc  reflectors can bc traced

across much of the Arckaringa Rasin and can bc t ied to specif ic  s trat i  graphic.

u n i t s  at t he  Cootanoorina  WC1l [Wopfncr, ]9”/(); /li/Jbl/r/, 1984], ~ kin  SOUthWIX(

o f  MI. ‘1’oondina.  R e f l e c t o r s  in t he  ~adl]a-owic  l;orl]lation, the  Algcbucki]la

Sands tone ,  the  Mt .  ‘1’oondiua  Llcds,  and  the  unde r ly ing  Stuarl  Ratlgc l’orlilatioll

o f  l’crn]ian  agc can bc t r aced  in  the  scislllic record sect ion fronl ttlc

~ootanoorina  WCII to MI. ‘1’oondina.  ‘1’hc “V” sha~)cd gore extending bctwccll

s tat ions S40 to 585 is a gap in the data where. s[ccply dippillg beds of tlic

central  uplifl were avoided.

O u t s i d e  t h e  M t .  ‘1’oondilla  s[ructurc,  a[ stations  <460 and >660, t h e

rcftcctors at depths Icss t h a n 1.()  scc a rc  con t inuous  a]ld csscn(ially  flat lying.

Near tllc cclltcr  of Mt. Toond ina (station 560) tt)c rc,flcc[ors  a t  sl]allow lCVCIS,

corresponding to the Bulldog Shale, ~adna-owic  I:ornlation, Algcbuckil]a

Sandstone,  and Mt.  ‘1’oo]ldina  Beds, all stccpcn  and bcconlc  shallower toward the

ccntcr. “1’hcsc rcftcctors can all bc cxttapo]alcd  to the, s u r f a c e  w h e r e .  t h e y  a r c

obse rved  to  corrclatc with the san)c units in outcro~~  with which they arc.

cor re la ted  f rom WCI1 dala. Surrounding this  upl if t  (nc.ar stations  510 and 600)

is a z,onc w h e r e  t h e .  reflc.ctors  arc dc.~lrcsscd bc]ow lhcil r eg iona l  l eve l .  Sc.vcral

reflectors farther away frowi the ccnlcr, at  s tat ions 490 and 640, arc offsc.t by

faults .  l)isplaccmcnt  along the faults is down toward the ccntcr of lhc

structure. At depths greater than -0.6 scc the reflectors assigned to the

Adcjaidcan  strati graphic section arc c.ssc.ntially  con t inuous  benea th  the

slI ucturc. q’here is a hint of slight disruption of strata  at this dcpih,  a l t hough

the disruption m a y  bc an ar[ifact  r c . su i t ing  fronl vcjocity  effects within the

ovcr]ying  d i s t u r b e d  7,0nc. The. northeast-trclldi]lg seismic reflection line

7
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which trends obliquely across the cdgc of the structure shows a shallow

depress ion  where  it cmsscd within the crater  r ing structural  depression.  l“his

salllc dcprc.ssio]l is obsc:vcd  in Ihc cast  west  profllc  at st;itions  510 and 600.  q’hc

units in the northeast trending line observed to bc dcprcsscd  -0.04 - 0.06 scc

relat ive to their  surrounding lCVC1.

‘1’hc  seismic reflect ion data indica(c  lhat the stra(a above the base of tlic

Stuarl  Range  Hormiatioll have bc.cn pushed Up into the,  ccnlra]  uplift at M(.

I’oondina.  S u r r o u n d i n g  t h i s  uJ~lift, the s(rata  have droppc.d d o w n w a r d  a n d

inward, in  parl,  alollg a  se r i e s  o f  normal  Pdu]ls. “l’his downward and inward

n~otioll r e s u l t e d  i n  (11c forji]:i~ion o f  a  ritl~ s[ructur;il  dcprcssioll surroul] ding

the cc.ntral upl i f t . ‘1’hc r e f l ec t ion  da ta  a l so  il]dic.a[c  that all of the dcforlna[ion

o c c u r s  a b o v e  t h e  b a s e  o f  t h e  Sluar[ J<a]lgc  I:orlnation;  s trata a~ dccpcr  lCVCIS

arc. essentially undisturbed, a s  indica[cd  by Ihc c o n t i n u i t y  o f  t h e  rcflcclor’s.

~’llus, t h e  strong  dcforl]]ation  a f f e c t s  o]lly ullils o f  Pcrlllian  and youngc  I a g e .

GRAV1’1’Y  MOI>l;l.lNG

l)cnsity Ilctcrnlinations

in an cffor(  t o  cons t r a in  g rav i ty  Inodc]s of the Mt. ‘1’oondina s t r u c t u r e ,

h a n d  s~)ccili~ct~s of the local g e o l o g i c  units were. collcctcd  for density analysis.

Sanl~)lcs  of the Mt. “1’oondina  l+c(is WCIC  col]cctc[i froln t h e  s e c t i o n  dcsclibcd  b y

1+’reytag  [1965] and clscwhcrc ill the central  up]ift. C:adna-owic }:orlllatimj

salnp]cs  were obtained from a spo i l  ~}ilc  on the f lank of  the central  uplif t .  ‘1’hc

Algcbuckina  Sandstone samples were collcctcd  a t  ou(crop  around  [tic cclltral

uplif t  and samples of  (}]c Bulldog SILalc were collcctcd  south of [illd alcmg the.

c a s t  ftank  o f  t h e  u~}]ift.  Most sanlp]cs  alc sonlcwhat  wc. athcrcd.

l;igurc  6 illustrates the density cjc.termination for each of lhc various

rock types  sampled for  each formation. Several dc.nsity  dc.terminations were

made for each rock tyl~c from both mult iple,  .wimplcs  and subsamplcs  frotl]

single hand spccimcms. q’hc cr]or  bars shown in  F igure  6  ind ica te  ttlc.

va r i a t ion  in ihc calculated dcmsity;  t he  p redomina te source of  mcasurcincn[

uncertainty is the volume of the sample. I)cnsitics  were  mc.asul-cd  o n  d t y



samples; wet densities would bc significantly

sandstones.

Average densities for various rock types

higher, particularly for

exposed at Mt. ‘J’oondina range

from 1.6 to 2.9 g cn~-3; most samples arc in the range of 1.8 - 2.0 g cnl-3.  ‘1’hc

sands to rms  o f  the  Gadna-owic  I;orma[ion  and the Algcbuckina  S a n d s t o n e  h a v e

the higbcst  densities (1.9 - 2 .9  g CIN”3),  but these  a rc  rc]alivc  t h in  un i t s .

(~ornbincd  thickness of  both formations at Mt. ‘1’oondina is about 75 m.)

Densities

c m‘3 for

q’oondina

formation

for rock types within the Mt.  Toondina  }ormation  range fron] 1.6 g

carbonacc.ous  claystoncs  to 2.0 g CUI-3 for clayey  s a n d s t o n e s .  A s  t h e  M t .

B e d s  a r c  characlcriz.ed  by siltstollc  with Ini]lor s a n d s t o n e ,  t h e

density is probably in the range. of 1.9 - 2.0 g cn]-3. As these density

dctcrminatioms  were  made  on  d ry  sample . s ,  ttlc.y rcprcscnt  nlininlum  v a l u e s .

Water  saturation, as would occur in situ, w o u l d  incrctisc IIIC cicnsitics as JnLICh

as 10-20% above that for dry samples. in addilion, seismic refraction data for

t h e  rc.gion [A400rcroYl, 1964] indica[cs  ve loc i t i e s  o f  2 .59  krll  SC. C-I for sllailow

units and 5.2 to 5.7 km see-’ for ma~crial at depths greater than 600 III. ‘1’hcsc

velocit ies  corrc.spend IO densities of ?.2 to 2.7 g cm- 3. “1’hcrcforc, ml the basis  of

the.  mcnsurcd  dry dcnsi[ics,  the in  s i tu  geologic corlditions  (water saturation),

and the velocity dala, (tic II]caI)  dc.~lsitic.s  of these follllatiol]s  a r c  c o n s i d e r e d  t o

bc. greater than t h e  nlcasurc.d  v a l u e s  f o r  dly surfacx  sali~~)lcs.

Chr  d e n s i t y  d a t a  a r c  consistcni  wi th  1}1OSC  rcpor[cd  by A4i/ton crnd

A40rony [ 1976] who cite average densities for the Permi:in and Mcsozs]ic

sediments  of  the Arckaringa  Hasin of -2 .07  g cn~-3 and 2.65 g cnl-3 for

crystalline. basement rocks. No( all scdimclits  within the basin arc,  however,  of

such low density. Dolomitcs  f rom the .  Wintinna  and Doortbanna “1’rouglls have

densities of 2.64 to 2.85 g clli-3, or(iovician  (?) quallz<itcs f rom t i l e  Boorlhanna

Trough  }lavc  densities of 2.69 g tin- 3, and some Permian and Mcsoy,oic

scdirncntary  r o c k  h a v e  cicnsitics  of  2.25 g CIn-3.

Mode l ing

In order to better undcm~and the. origin of (hc g rav i ty

tile.ir implications for crustal  s tructure, w c  h a v e  modcicd  (}]c

anomaly using a 2t/? D gravity modeling program. G)nstraints

$)

anomalies and

residual gravity

on the gravity



model arc provided by the exposed geology; two sc.ismic  reflection profi]cs

which cross the smrcturc; strati  gr-aphic control  from the outcrop and from

se i smic  co r re la t ion  wilh the strati  graphic control  at  Lhc ~ootanoorina  wel l ;

and densi t ies  dctcrmincd  from samples collcctcd  of Mt. q’oondina. The local

Permian  and  Mesozo ic  stratigraphy  consists of about 260 m of Stuart  Range

Formation, 330 m of Mt. Toondina  Beds, 10 - 40 m of Algcbuckina  Sandstone, 30

m of ~adna-owic  Folmalion,  and 100 III of Bulldog Shale [Wopfncr,  1970;

Allchurch et al., 1 9 7 3 ;  IIibburt,  1984]. “1’}IC }’crlnian  strata rest u n c o n f o r m a b l y

on beds of  possible Devonian agc which arc, in Iurn, ulldcrlain  by a thick

sequence of late Precambrian a n d  ~alnbrian  strata (Adclaidcall).

T h e  gravily  model  o f  the  Mt . “J’oondina  fca(urc  includes three. layers

(I;igurc  7):  (1)  the lowest  layer in the.  nlodc]  rcprcscnts  the Mt. 3’oollditla  l!cds

and has a thickness of 330 m and a dc.llsity  of 2.1 g c]n-3;  (2) a ll~idcilc  layer is 75

m ihick,  has a density of 2.10 g cm -3 and corresponds to the older Mcsoz,oic

units  (Algcbuckina Sall[isiolie a n d  (:adna-owic l;orunatiotl); a n d  (3) (he

uppermost layer is 100 m thick and has a density of 1.91 g cri]-3 slid

corIcsponds  to the Bulldog Shale.. Obscrvc(i  rcsi(iual and calculated gravity arc

f a i r l y  WCI1 malchcd  in a nlodcl i n  w h i c h the  Mesozo ic  units  and MI. “1’oondina

l{cds arc b rough t  to (1IC s u r f a c e i n  lIIc. cclltral ul)lift anti t h e  u p p e r  lwo u n i t s

arc dcprcsscd  by - 9 0  111 ill all atlllular  ZOIIC. s l i g h t l y  II1OTC [Ila]) 1  k m  w i d e .

surrounding the central uplift. ‘1’hc d e n s i t i e s  uscci in the nlodcl tire g r e a t e r

than (hose estimated from }~and sample., b u t  g i v e n  t h e  othc.r constraillts

discussed above, these model densities arc probably consistcllt  with the in situ

densities of these materials.

3’I)c result  o f  t he  h igh  dens i ty  utlits b e i n g  b r o u g h t  to (11c surfi~cc.  in  the

central uplift, ill relation to the lower dcllsity  Bulldog Shale surrounding the

central uplift, is a central gravity high surrounded by an annular  gravity low.

T h e  g r a v i t y  m o d e l  fur[hcr  i n d i c a t e s  that the Mt.  ‘1’oondina illlpact strllctllrc  has

a diameter of about 4 km, that the structural relief within tllc central uplift

cxcccds  200 m, and that the, region around the central uplift has been

dcprcsscd  b y -90 m relat ive to i ts  rlorillal  stlatigrapbic  d e p t h .

‘1’hc  gravi ty model  is  not  unique,  in  that many combinations of densities

and model body dimensions can rcpr-oducc  the observed anomalies.  IIowcvcr,
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the model is consislcrlt  with the obse rved  geo logy  at the surface, the scisniic

reflection data, sarnplc  densities, a n d  s~ructurc cxpcctcd  fo r  an  impac t  c ra te r .

Although the annular low is modeled as being the. result of down warpirrg  of

the Bulldog Shale., as suggested by ttlc de.pressed rc. flc.ctors  in the scis]nic

profi]c,  parl  of the mass  de f i c i t ,  pa r t i cu la r ly  a t  dccpcr  ICVCIS, Inight r e s u l t

f rom the. presence of impact  brc.ccia  or sirnplc  fracturing of the. rocks to

rcducc t h e  dc.nsity.

DIS~LJSSlON

“l$hc suggestion of previous invcsiigators  [Freytag,  1964, 1965; Wopfncr,

1 9-/7; Jont?s, 1988] tha~ Mt. “1’oondirla  is a salt do]llc  was based chicfty  on lIIC

diapir- l ike relat ionship of  (IIC rocks of IIIC central u~)lift lo the beds of the

surrourrdirrg region a n d  discovc.  ry o f  sa l t  donlcs  in othc.r  parts  o f  t h e

Arckarillga  Basin. Ilowcvcr, a  s a l t  dornc nlcrdc]  i s  n o t  collsis(cnt  wi(h lhc

o b s e r v e d  data: (1)  sal t  doc.s  riot o c c u r  ill [Ilc. aica i]) Pcrrniarl and y o u n g e r

units; (2) a l though sal t  dots  OCCUI  in the region arid s a l t  dolllcs arc prcscllt

(e.g., 80 km norlhwcst  of Mt. “1’oorldirla),  the salt occurs irl the late I’rote.rozc)ic

Adclaidcan  rocks [Suni,  1986]; and (3) the structural deformation at h4t.

‘1’ooridina  is limitc(i to  I’crrnian arid y o u n g e r  urlits. IJcforllla[ion  of [hc e x p o s e d

b e d s  o f  t h e  ccntrai  ul)lift at  h4t. ‘1’oo]ldina  ir]volvcs circl]rllfcrc.llti:~l  shorkning

and uplif[, as in a diapir. 1[ is  the elast ic .  rocks of ]’cllnian to Clclaccorrs  a~c

tha~ a r c  s o  dcformccl, n o t  s a l t .  IIcds tha[ o v e r l i e  salt ciiapirs  (end to cxbibi(

e x t e n s i o n a l  rahcr t h a n  comprcssional  dcforlua[ion.  l’hc. ccntra]  u p l i f t s  o f

impacl  slluclurcs  do i n d e e d  rcsc.nlb]c.  diapi]s.  ]Iowcvcr,  cnlplaccmcnt  o f  t h e s e

uplifts is driven no[ b y  bourrncy$ bul by prompt col lapse of the trarisicnl

cavity walls  and f low of the disl)lacc,d Illatcrial toward  tllc ccn[cr  of the. clatcr.

As  a t  Mt .  ~’oondina, these  uplif[s  arc comnlonly  lnarkcd  b y  p o s i t

anornalics.

The Mt.  Toondina struclurc  can bc most  closely compared

vc gravity

wi[h (tic

Stcinhcim  Basin, Germany, o f  Midcilc Mioccnc  agc [I{eiff, 1 9 7 7 ]  a n d  Ihc Flynn

Check,  Tcnncsscc,  parlly  b u r i e d  c r a t e r  o f  l,a(c. Ijcvonian  agc [Roddy,  1 9 7 7 ] .  Both

impact  s tructures arc formed in nearly f lat- lying scdin~cntary  rocks and arc

a b o u t  3 . 5  k m  i n  d i a m e t e r ,  si[ni]ar to lhc size of Ihc Mt. Toondina  slructurc.  l~oth

arc part ly f i l led craters  will) prorlounccd  dial) ir- l ike.  central  uplif ts  tbal
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underlie the central topographic

relat ively f lat  f loors which am

depress ions .

peak. Surrounding

underlain by fairly

Ihc cen t ra l  peaks  a rc

shallow structural

In Australia, the closest known structural analog to Mt. ‘1’oondina  is the

Connolly Basin of Crctaccous  a~c [Shoemaker and Shoemaker,  19891. l’hc

Connolly  Basin is an exhumed crate.r about  9 km in diameter with a rclativc]y

small central uplift. Connolly is also undc.rlain  by Precambrian salt  deposits

and is CIOSC to known salt diapirs  [Wells, 1980]. A seismic  profile. across the

cc.ntcr o f  t h e  ~OINIOl]y  Siructulc reveals  that  the salt is csscntial]y  u n d i s t u r b e d

al depth beneath the feature. ‘i’hc ccntlal  upl i f t  is  surroundc.d b y  a  s t r u c t u r a l

moat

ovc.r

highs

bounded by norl]lal faults. A posi t ive residual  gravity anonlaly  is Iocaliz,cd

the central uplifl; it is surtoundcd  by a scquc,]lcc o f  subdued  g rav i ty

and lows [Shoemaker  et al., 1989].

Se i smic  rcftcction  profi les  revealing broad  struc[urai  fea tu res

somewhat s imilar  to those at Mt. Toondina  have bccll  obtained for nlany impac t

s t r u c t u r e s  a r o u n d  t h e  w o r l d  inclu{iing the Mjolnir  slructurc in IILC I~arcnts Sca

[G1l~laz~gS,Yo~l, 1993];  t h e  RCCI Wirlg Crc.ck struclurc  i n  North D a k o t a  [l;rcnnrl.

] 9 7 S ] ;  t h e  HaughIon  ilnpact  slluctulc ill arctic  Canada  [I]ajnaf et a l . ,  1988;  S c o t t

and }Iajnul, 1 9 8 8 ] ;  t h e  Siljan  i m p a c t  s t r u c t u r e  ill Swc.dcn [.luhfin and Pcdcrsen,

1987]; and  the  Tookoonooka s t ruc tu re  in  the  }lron]allga  Basin of Australia

[(;ortcr  et 01., 1988]. Structural patlcrns sonlc,wllat  sinli]ar  t o  t h o s e  obscrvc(i  i n

the seismic rcficction  profiles for Mt. ‘J’ool](iilla  arc also observed in the larger

q’aiundi]ly structure of the l;roll-langa Basin in ~uc.cns]and  [l,ongfcy,  1988] and

a t  Connoily  Hasin. q’hc l’aiundiliy  feature. has been suggested to bc a buried

impact crater. It’s saucer shaped (ici)rcssio)l  is - 9 5  kill i]] diamc.tcr and u p  t o  1

km deep  bur i ed  bc.ncattl Crc.tac.c.ous bc(is. III the outer  part  of  the structure

rcficctors arc droppc.d  d o w n aiollg a series of  inward-dipping norvnai fauits.  At

the ccntcr of the structure, t h e .  rcficctors  a rc  ben t  up  into a ccntrai  up l i f t .  ~’hc

rc.ficction  data i n d i c a t e ,  t h a t  wi~hin the  ciis(urbcd  z o n e ,  a  raised  rinl, dcprcsscd

s t ruc tu ra l  moa t ,  and  cen t ra l  upiift  can bc rccogniz.cd. “1’hc f e a t u r e  al ‘1’aiundilly

is  a lso charactcriz.cd  by a  posi t ive gravi ty anomaiy  ccntcrcd  over  the  cen t ra l

up l i f t .
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‘I%c structural  rel ief  of  Ihc. central  uplif~  al Mt. l’oondina  i s  cons i s t en t

with data for other  collapsed ilnpact  craters. C;ricve  et al. [1981] prcsc:l(s  t h e

relat ion SLJ = 0.061 >1”1 where SU is the avc.rage structural uplif( and 1) is Ihc

crater diarnctcr  in km. I’his relat ion would indicate a  s tructural  uplifl  of about

2?80 m for a diarnctcr  of four km. When account is taken of upward

d i sp lacement  wi th in  the  Mt .  ‘1’oondina Bc.ds that is not rccognizahlc in the

gravity model, the observe.d relief at Mt. Toondina  is entirely consistent with

average cxpcctalions.

SUMMARY

The gravity da[a combined with the seismic rcfIcctioli  dala and surface

structural geologic mapping for the Mt. ‘] ’oondina structure in Sou[h Austral ia ,

reveal  that  the central  uplifi  is surroull(icd  by a r ing structural  depression.

I)ctailcd geologic nlapping indicates that the. Pcrlnian,  Jurassic (?), and lower

CYc.taccous beds of the central uplift have all been dcforme.d in convergent

ccntripctal f low. Furlhcr, the scisll~ic r e f l e c t i o n  d a t a show that  dcforlnation

dies out with depth. Below -800 m, the rcflcctol-s  pass beneath the structulc.

undisturbed indicating little  or n o  dc.fol-lnation  b e l o w  ttlis depth.

‘1’hc Mt. l’oondilia  ilnpac~  structure is  defined by a s imple rc.sidual

gravi ty anon]aly. Re la t ive  to  the  acijaccnt [crrain, the central uplift is nlarkcd

by a positive anomaly of + 1 n]Cial, 1.2 kln in .diamctcr,  surrounded by an

annular gravity low (-0.5 m(; al) having  a width of -1 kTn. ‘1’hc overal l  diameter

of the feature is -4  km.  Grav i ty  n]odcling  su~~:csts that rclntivcly  high density

u n i t s  (Algcbuckina  Sandstcmc.,  Cadna-owic  F o r m a t i o n ,  a n d  M t .  Toorldina  IIWi S)

h a v e  bcc.n raised up irito the cclltl-al  uplift in cxccss  of  ?00 m and that  the

surrounding Bulldog Shale fills a ring structural depression within the. cIatc,l

interior that is -90 m deep
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FIGLJRE CAPTIONS

Fig. 1. Map showing location of Mt. ‘1’oondina impact  s trut . tum in South

Austral ia .

Fig. 2. Oblique aerial view to the west of the Mt. Toondina structure showing

the central  uplift and surrounded by gcmtly s loping surficial  deposi ts .  “1’hc

dark ring is formed by trees and brush concentrated along the Algcbuckil]a

Sandstone aquifer; a wavy lillc of trees following the Algebuckina  o u t c r o p

rcflc.cts steeply plunging folds. The bright  material  in the ccntcr is salt

crusted outcrop of the Mt. Toondilla  beds. l’hc bright Iinc extending across the

feature from top to bottom is a road along which the sc.ismic  reflection line (85

YQZ)  was acquired; other roads arc also evident.

Fig. 3a. Ftougucr gravity map of lIIC r eg ion ; c o n t o u r  inlcrval  is 0.5 IJICIal.

Slation  locations arc indicated by crosses. Da ta  inc lude  poitlts within an 8 klli  x

8  km s q u a r e  ccn[crcd  on [tic ccntra] u p l i f t .  F’ig. 3 b .  oblicluc  v i e w  nlcsh lnap o f

the Bougucr  graviiy  field viewed from tllc soutbcast.  X and Y axes d c . n o t e

d i s t a n c e s  i n  mc.tcrs  r e l a t ive  IC) I1]C ccntcr; vertical axis is residual gr:ivity in

nlGal.

Fig.  4a. Residual Bougucr  gravity field. 3rd order  polynomial has been removed

to produc.c  the residual. Contour interval is 0.1 nlGal.  Crosses indica(c  s tat ion

locations. Pig. 4b. Oblique rncsh map view of the residual gravity field viewed

from the southeast. l’hc central high and surrounding low arc easily seen

from this pcrspcctivc. X and Y axes denote distances in meters relative. to the

ccntcr; vertical axis is residual gravity in nl(ial.  F;ig. 4c. 3rd order polynomial

field removed from Bougucr  gravity. Pig. 4d. 3rd order polynomial field shown

in oblique view from ttic southeast .

I:ig. 5. East-west seismic rcflcctiotl  profile (85 YQZ) across the ccntcr  of the.

structure. .  Residual  130ugucr gravity values arc plotted above. F’aults arc SIIOWII

as solid Iincs.
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Pig. 6. Dcnsi(y  determinations for samples collected at Mt. “I”oondina.

Measurements have been averaged by rock type. Variations in the calculated

densities among samples arc indicated by c.rror bars,

Fig.  7, g’wo and a half dimensional gravity model showing a proposed structure

of the Mt. Toondina impact. }Iorizontally  stripped unit is the Bulldog Shale (p =

1 . 9  g cn~-3); s t i p p l e d  u n i t  rcprcscnts  the A]gcbuckina  Sandstolic  a n d  t h e .  Cadna-

owic Formation (p = 2.1 g cn~-3); the underlying white unit is the Mt. q’oondilla

Beds (p = 2.12 g cn~-3). Circles in the upper panc,l  indicate residual gravity, the

solid line is calculated gravity. Vertical  exaggcratirm  is 10:1 in the model cross

sect ion.
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MT TOOIWNA RESIDUAL BOUGUER GRAVITY
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